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Goals
• To determinine the basic chemical aspects of anion  
receptor design of functional pH independent systems
• To target the selective binding of sulfate, and 
• To design separations strategies for selective and efficient
extraction of targeted anions from waste  

Key Findings
• The first synthetic sulfate-selective anion-binding agents;
• Simple, structure-based methods for modifying the 
intrinsic anion selectivity of a given class of anion receptors;
and 
• Use of dual cation/anion receptors for syntergized
extraction  



Hanford Site NeedsHanford Site Needs
RLRL--WT101 Sulfate WT101 Sulfate 
Mitigation Mitigation ––
targeting methods targeting methods 
for detection and for detection and 
removal of sulfate in removal of sulfate in 
LAW.  Potential LAW.  Potential 
savings: $YY M.   savings: $YY M.   
Sulfate present in Sulfate present in 
LAW results in the LAW results in the 
need for 20% more need for 20% more 
glass to be glass to be 
produced for produced for 
vitrificationvitrification
purposes.purposes.
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Anion HostsAnion HostsAnion Hosts

LipophilicLipophilic QuatQuat. . 
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N
CH3

NO3
–+

NH
F

F H
N

F F

N
H

FF

HN
F

F
NH

F

F

N
H

FF

HN

F

F

HN

F

FNH

F

FCalixpyrroles Calixpyrroles 
((SesslerSessler):):

Mac Mac TetraamidesTetraamides
(Bowman(Bowman--James):James):

OO

NH HN

NN

NH HN

O O

H3C CH3

R

R

OO

NH HN

NN

NH HN

O O

SS

O

N
O

O

O
N

MMEAM/tMMEAM/t--BuMEAMBuMEAM DsMEAMDsMEAM

F8C4PF8C4P F10C5PF10C5P



Synergized Extraction with BOBCalixC6Synergized Extraction with BOBCalixC6

[BOBCalixC6] = 10 mM, [MMEAM] = 10 mM in NB; aq Cs salt concentration variable; O/A = 1, 25 °C
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Synergized Extraction (cont.)Synergized Extraction (cont.)

[BOBCalixC6] = 10 mM, [DSMEAM] = 3 mM in NB; aq Cs salt concentration variable; O/A = 1, 25 °C
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Synergized Anion ExchangeSynergized Anion ExchangeSynergized Anion Exchange
DSO4

[Receptor]org

F8C4P

Org:  0.25Org:  0.25––10 10 mMmM Receptor, 10 Receptor, 10 mMmM QQ++NONO33
–– in CHClin CHCl33

AqAq:  10 :  10 mMmM NaNONaNO33, 0.1 , 0.1 mMmM NaNa22SOSO44, 1 , 1 mMmM NONO33
O/A = 1, 25 °CO/A = 1, 25 °C

Q+NO3
– alone is weak

Strong synergistic effect

F10C5P > F8C4P

Substituents affect amides –

possibly a solubility issue

F10C5P
DSMEAM

tBuMEAM
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Amide/ThioamideAmide/Amide/ThioamideThioamide
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Binding StudiesBinding Studies

Ligand

K/M-1 (DMSO-d6)

Cl- Br- I- H2PO4
-HSO4

- NO3
- ClO4

-

L1 3020 40 20 68 2042 85 98
L4 180 7 0 0 0

2408
1301662720
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FiveFive--coordinatecoordinate
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Eight-coordinateEightEight--coordinatecoordinate
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•• To modify the monocyclic systems to obtain To modify the monocyclic systems to obtain 
greater greater solubilitiessolubilities in organic and especially in organic and especially 
hydrocarbon solvents.hydrocarbon solvents.
•• To examine the To examine the bicyclicbicyclic cryptandcryptand systems for systems for 
selective extraction of sulfate. selective extraction of sulfate. 
•• To modify the To modify the bicyclicbicyclic cryptandcryptand systems by systems by 
substituentssubstituents such as such as tt--butyl groups on the aromatic butyl groups on the aromatic 
spacers to make them more soluble in organic spacers to make them more soluble in organic 
solvents.solvents.
•• To synthesize hybrids between the To synthesize hybrids between the calixpyrrolescalixpyrroles
and the and the amidoamido--based systems. based systems. 

Future GoalsFuture GoalsFuture Goals
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